Abstract
. Myc expression leads to an increase in the expression of glutamine transporters, glutaminase and LDH-A. This intermediate metabolism regulated by Myc is required to maintain mitochondrial tricarboxylic acid cycle (TCA) cycle integrity. Glutaminolysis is a source of the electron donors NADPH, an important molecule required to satisfy the energy demands of cell proliferation [83]. Glutaminolysis confers on Myc the ability to be glucose-independent for NADPH production. Finally, the production of a high amount of intracellular lactic acid that is the consequence of aerobic glycolysis, causes acidification of the extracellular milieu due to the action of multiple protonextruding enzymes and transporters that are regulated by oncogenic transformation, as seen in the next section.

Neoplastic transformation drives intracellular alkalinization and extracellular acidification through the activation and up-regulation of pHi-regulating systems
There are two biochemical phenomena common to all tumour cells: the shift to glycolytic metabolism and cellular alkalinization in spite of the large amount of intracellular produced lactic acid. Intracellular alkalinization results from the activity of membranebound transporters. Expression of oncogenic c-H-Ras leads to cytoplasmic alkalinization by activating NHE-1 and Na
ϩ -dependent HCO3 Ϫ /Cl Ϫ exchangers
HIF mediates cellular adaptation to low oxygen availability
Hypoxia is not only a pathological event (ischemia, atherosclerosis, psoriasis, diabetes, Alzheimer's disease, inflammatory disorders and cancer) [90] but also occurs in physiological situations during embryonic development and is mediated by the activation of HIF. HIF is a heterodimeric complex that is composed of an oxygen-dependent ␣-subunit and a constitutively expressed non oxygen-dependent ␤-subunit. Three isoforms of the ␣-subunit (HIF-1␣, HIF-2␣, HIF-3␣) and two isoforms of the ␤-subunit have been described to contribute to the in vivo response to hypoxia [91, 92]. The transcriptional activation of HIF requires the post-translational stabilization of the ␣-subunit. This means that the oxygen concentration does not impact on hif-␣ mRNA levels, but on HIF-␣ protein post-translational stability. Under normoxic conditions (Ͼ5% O2), the half-life of HIF-␣ is less than five minutes [93]. The rapid post-translational degradation of HIF-␣ involves two key molecules, oxygen and a Krebs cycle intermediate 2-oxoglutarate (2-OG), which are the substrates of the three major oxygen sensors of the Fe(II)-dependent dioxygenases family also called the prolyl hydroxylase domain (PHD) proteins [94]. Hydroxylation by PHDs on two proline residues Pro402 and Pro564 in the oxygen-dependent degradation domain (ODDD) of human HIF-1␣ leads to interaction with the ubiquitin E3-containing ligase von Hippel-Lindau (VHL), which attaches polyubiquitin chains to HIF-1␣ that initiates its recognition and degradation by the proteasome [95]. In case a pool of HIF-␣ escapes PHD hydroxylation and proteasomal degradation, another oxygen sensor termed factor inhibiting HIF (FIH) maintains HIF-␣ in an inactive state. FIH is a dioxygenase, which catalyses asparaginyl hydroxylation (Asn803 in HIF-1␣) in the C-terminal transcriptional activation domain (C-TAD) of HIF-1␣ and HIF-2␣ [96]. This post-translational modification impairs the interaction between the C-TAD and the coactivator p300/CREB
mediates microenvironmental changes and cellular adaptation to tumour hypoxia. After translocation to the nucleus, dimerization of HIF-1␣ with the constitutive HIF-1␤, forms an active transcription factor that only exists in a low oxygen tension (hypoxia). Heterodimerization and DNA binding involve interaction between the N-terminal basic-helix-loop-helix (bHLH) and PerArntSim domains. HIF-1 binds hypoxia responsive elements (HRE) in target genes and activates the transcription of genes
. CAIX is expressed during embryonic development as shown in the mouse [166] but is more highly expressed in many cancers such as oligodendroglial brain tumours [167] , colorectal cancer [168] , ovarian tumours [169] , gastric cancer [170] , pancreatic cancer [171] and breast cancer associated with c-erbB2 overexpression [172] . [175] [176] [177] [178] [179] [180] [181] [182] . [184] .
In most cases, CAIX expression correlates with the pattern of HIF-1␣ expression in cancers in hypoxic/perinecrotic regions of the tumour, distant from the blood vessel (Fig. 6) and also colocalizes with the hypoxic indicator (hypoxyprobe) stain [24]. However, exceptions have been observed where expression of CAIX is detected in the absence of HIF-1␣ staining [173]. These observations could be interpreted as the existence of dynamic cycles of acute hypoxia/ rapid reoxygenation within the tumour, and the short half-life of HIF-1␣ compared to CAIX where the latter is highly stable once induced [163]. The recent demonstration showing that ca9 expression is regulated by the UPR pathway may also explain the absence of HIF-1␣ and CAIX colocalization [161]. Some tumours also contain hypoxic regions without CAIX expression [174], which could be explained by the lag in HIF target transcriptional activation and protein expression. The requirement of UPR signalling could also explain why HIF-1␣ ϩ tumours are negative for CAIX staining [161]. As for HIF-1␣, CAIX has been proposed as a marker of an aggressive malignant phenotype of solid tumours, since a strong link between its expression and poor patient survival has been established by many groups
Only one case reported that low expression of CAIX in RCC tumours is a factor of bad prognosis [183]. However, the status of HIF within these RCC tumours was not indicated and the presence of HIF-2␣ instead of HIF-1␣ may explain this phenomenon
CAXII regulation and expression
The cDNA of ca12 was cloned in 1998 from RCC tumours [185] . [188, 189] . [190] [191] [192] [193] . Prominent expression of CAXII was observed during embryonic eye development but was significantly decreased in the adult eye [194] . However, in glaucoma (high intraocular pressure), ca12 mRNA was strongly increased in the adult eye, while ca9 mRNA was not detectable. CAXII is highly expressed in gastric tumours compared to weak expression in normal gastric mucosa [195] and its expression is also high in various tumours [190] [191] [192] [193] [197] . The activity of CAXII was reported to be moderate compared to that of CAIX [143, 198, 199] [202] . Interaction of the catalytic domain of CAIX with bicarbonate transporters has been reported and was shown to increase the AE exchanger activity [202] (Fig. 7) [212] . In particular, the cell-surface expression of MCT1 and MCT4 which is mediated by the presence of a chaperone CD147 [213] , has been associated with tumour aggressiveness [214] . It has been proposed that they are powerful regulators of the tumour pHi by extruding lactic acid produced through the highly glycolytic nature of tumour cells. [216, 221, 222] . Because of its low affinity for lactate MCT4 is adapted to extrude of lactate [216] . Moreover, the lactate transport activity through MCT1 was enhanced in the presence of cytosolic CAII in Xenopus oocytes [223, 224] [223, 224] . This finding may be of considerable significance in tumour pH-regulation since CAII and AE have been reported previously to form a 'metabolon' [225, 226] as for CAIX/AE2 [202] , and NHE-1/CAII [227, 228] , which may interact to enhance the transport of metabolites in hypoxia (Fig. 7) . MCT1 was recently proposed to be a crucial component of metabolic symbiosis based on lactate exchange between glycolytic/hypoxic and oxidative tumour cells within solid tumours [229] . The [246] . Yet a lot of interest has been paid recently to cancer stem cell research [247, 248] , although the existence of such cells has been questioned [249] . However, hypoxia has been proposed to influence development of both tissue stem cells and cancer stem cells [250, 251] .
Its chromosomal localization mapped differently to that of ca9. The ca12 gene is also induced in hypoxia [23, 145], via a HIF-1-dependent mechanism [24]. However, the HRE of ca12 has not been identified. The fold induction of ca12 is lower than that for ca9 because the basal level of ca12 mRNA and protein is higher than for ca9 in tumour cells in normoxia. ca12 mRNA is up-regulated in VHL-defective renal tumours due to constitutive stabilization and activation of HIF-1 [153]. In breast cancer, oestrogen receptor (ER-␣) activation leads to transcriptional up-regulation of ca12 via a hormone-responsive enhancer [186]. An alternatively spliced variant of ca12, lacking an exon, was detected in infiltrating astrocytomas [187]. The shorter form that was found to predominate in brain tumours was lacking residues that are located in the transmembrane domain. Thus, this spliced isoform may affect the quaternary structure of dimeric CAXII and signalling pathways involving protein kinase C and A, due to disruption in a potential phosphorylation site of these kinases in the C-terminal tail of CAXII. CAXII is a 39 kD protein with a conserved Zn-binding catalytic site, a transmembrane domain and a short intracellular C-terminal extension containing potential phosphorylation sites for casein II kinase, protein kinase C, and c-AMP-dependent kinase [185]. Under physiological conditions, CAXII expression was detected in human and mouse endometrial epithelia, suggesting a role in reproductive physiology
Unlike CAIX expression, the endogenous expression of CAXII is less tissue specific and is not only restricted to normal epithelia. CAXII is © 2009 The Authors Journal compilation © 2010 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd
Fig. 6 Immunohistochemical analysis of HIF-1␣ and CAIX expression in mice xenograft tumours. Tumour sections obtained from subcutaneous injection of colon carcinoma LS174Tr cells were stained with an anti-CAIX monocalonal antibody M75 and showed correlation between CAIX expression and regions of HIF-1␣ ϩ staining. A relationship between CAIX localization and regions of hypoxia and necrosis, was also noted. Staining of CAIX is predominantly membranous while HIF-1␣ is localized in the nucleus. Magnification 20ϫ. expressed in a variety of normal tissues but its expression becomes stronger in tumours. CAXII expression was found in normal human pancreas, kidney, gut and the gastrointestinal tract
MCT regulation, expression, structure and implication of their chaperone CD147 The MCTs have 12 transmembrane domains, intracellular N-and C-termini residues and a large intracellular loop between the
Decreasing the pHi of hypoxic cells of the primary tumour by inhibiting key pHi-regulating systems to collapse ATP production 
